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ABSTRACT 


The  heat  resistance  of  Vibrin  X-10U7  laminates  is  notably  influenced  by 
the  finish  on  the  glass  cloth  employed*  The  heat  resistance  of  such  laminates 
is  a more  searching  test  of  cloth  quality  than  the  measurement  of  green  flexural 
strengths.  A 301-finish  is  generally  satisfactory  for  use  xd.th  heat  resistant 
polyesters. 

Two  monomers,  triallyl  aconitate  and  diallyl  ^^-3,6-methanotetrahydro- 
phthalate,  in  combination  with  Alkyd  X-IO38  provide  two  new  resins  which  show 
good  retention  of  flexural  strength  at  300-UOO°F.  With  the  triallyl  aconitate 
resin,  a flexural  strength  of  27 >000  psi  is  maintained  through  UO8  hours  at 
300°F.  At  U00®F  the  flexural  strength  is  still  26,500  psi  after  U08  hours 
exposure.  The  resin  derived  from  diallyl  A^3>6-methanotetrahydrophthalate  is 
still  increasing  in  strength  between  192  and  U08  hours  at  300°F  (38,900  to 
1*2,100  psi)  and  does  not  lose  strength  in  the  same  interval  at  1*W°F  (38,000 
psi  level. ) . 

It  has  been  demonstrated  that  a cured  foam  of  10  Ibs./cu.ft.  density  can 
be  prepared  from  Vibrin  X“10l*7  using  the  technique  developed  uixier  Bu.  Ships 
Contract  Nobs-51*l83  (1773). 

A modified  poly  (bismethylolxylene  male ate)  alkyd  is  superior  to  the 
modified  poly  (ethylene  maleate)  used  in  Vibrin  X-10U7  where  resistance  to  long 
term  exposure  to  500°F  is  involved.  Using  a mixed  triallyl  cyanurate  - diallyl 

6-methanotetrahydrophthalate  monomer  system,  rather  than  triallyl  cyanurate 
'^one,  affords  a superior  heat  resistant  polyester.  At  the  same  time  the 
materials  cost  of  the  resin  is  reduced. 
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I INTRODUCTION 


This  research  was  undertaken  to  provide  a more  thorough  evaluation  of  the 
high  temperature  properties  of  Vibrin  X-10U7  and  if  necessary  to  improve  upon 
this  resin  so  that  longer  exposures  to  500°F  (>192  hours)  and  relatively  short 
exposures  to  temperatures  1:^5  to  650®F  could  be  tolerated. 

The  work  may  be  divided  into  five  categories; 

(1)  evaluation  of  the  newer  glass  cloth  finishes  with  Vibrin  X-10U7 

(2)  evaluation  of  this  resin  for  short  term  exposures  to  650°F,  and 
longer  (U08  hours)  exposures  to  500°F 

(3)  study  of  alkyd  variations 

(U)  study  of  monomer  variations 

(5)  investigation  of  mixed  monomer  systems. 

The  investigation  of  alkyd  structure  encompassed  studies  of  alkyds  of 
lower  acid  number,  fumarate  vs.  maleate  unsaturation,  incorporation  of 
potential  antioxidant  structures,  and  reinvestigation  of  alkyds  based  on 
glycols  having  no  beta  hydrogens.  The  last  approach  was  most  fruitful,  A 
modified  poly  (bis-methylolrqrlene  maleate)  was  found  to  confer  superior  long 
term  aging  properties  (UO8  hours  at  500°F).  This  phase  of  the  work  is 
incomplete  but  the  data  at  hand  suggest  that  substantial  improvements  can  be 
realized  by  using  an  alkyd  based  on  a bismethylol  derivative  of  an  aromatic 
ring. 


Since  triallyl  cyanurate  was  known  to  be  outstanding  as  a heat  resistant 
monomer,  the  research  in  this  area  was  directed  toward  a definition  of  the 
reasons  for  its  superiority.  This  effort  lead  to  no  conclusions  but  was 
productive  in  that  several  new  resin  systems  suitable  for  service  at 
temperatures  up  to  UOO°F  were  discovered.  Moreover  the  use  of  one  of  several 
new  monomers  studied,  diallyl  ^-3,6-methanotetrahydrophthalate,  in  a mixed 
monomer  system  with  triallyl  cyanurate,  revealed  a synergistic  monomer  effect 
which  permitted  the  realization  of  a substantial  improvement  in  heat  resis- 
tance as  compared  to  Vibrin  X-10U7, 

Laminates  prepared  from  the  improved  resin  have  flexural  strengths  at 
500°F,  after  192  hours  at  500°F,  as  high  as  30,000  psi  (Vibrin  X-10U7J 
20,000  psi,  at  best  23>000  psi).  ¥ith  an  exposure  of  UO8  hours  to  500°F, 
the  strength  at  500°F  of  the  new  system  is  16,000  psi  compared  to  10,000  psi 
for  Vibrin  X-10U7  laminates.  It  seems  quite  possible  that  tite  full  poten- 
tialities of  the  new  system  have  not  been  realized  in  the  relatively  short 
time  that  it  has  been  known. 

Foams  of  10  Ibs./cu.ft,  were  prepared  from  Vibrin  X-10U7  using  the 
method  developed  under  Bu.  Ships  Contract  Nobs  5i;l83  (1773), 
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II  CONCLaSIONS 


1.  Glass  cloth  finish  is  an  important  consideration  in  heat  resistant 
laminates.  The  301  finish  is  generally  satisfactory  in  these  supplica- 
tions with  the  Vibrin  X~10k7  resin. 

2.  A notable  improvement  in  heat  resistsmce  is  realized  x^hen  the  alkyd 
structure  is  based  on  bismethyiolxylene  as  the  glycol. 

3.  Triallyl  aconitate,  triallyl  carballylate  and  diallyl^^-3>6-methano- 
tetrsdiydrophthalate,  when  blended  separately  with  Alkyd  X-IO38,  provide 
three  new  resins  suitable  for  service  at  temperatures  up  to  U00°F, 

I4.  A Vibrin  X-10U7  laminate  on  181-301  cloth  which  has  an  average  flexural 
strength  after  192  hours  at  500®F  of  23*000  psi  (measured  at  500°F)  is 
reduced  to  a strength  of  8, COO  psi  when  the  aging  period  is  extended  to 
U08  hours  at  500°F. 

5.  A similar  laminate,  which  in  one  test  had  a 192  hour  at  500°F  strength  of 
18,000  psi,  is  reduced  to  a flexural  strength  of  17,000  psi  in  a second 
test  (measured  at  600°F)  by  an  ejqjosure  of  3 hours  at  500®F  (post cure)  and 
3 hours  at  600°F.  VJhen  the  exposure  to  600°F  is  extended  to  21*  hours  the 
strength  $iieasured  at  600°F)  is  5,U00  psi. 

6.  Wet  strength  retentions  of  90^  or  better  are  realized  with  Vibrin  X-IOI4.7 
laminates  prepared  with  181-301  cloth. 

7.  The  optimum  compressive  strength  (36,000  psi)  of  Vibrin  X-10l*7  laminates 
involving  181-301  cloth  is  realized  when  the  resin  content  is  35i25?. 

8.  Use  of  diallyl  ^^-3,6-methanotetrahydrophthalate  in  conjunction  with 
triallyl  cyanurate  and  Alkyd  X-IO38  gives  a resin  which  heat  ages  notably 
better  than  Vibrin  X-10l*7. 

9.  Vibrin  X-10U7  can  be  foamed  to  a cured  density  of  10  Ibs./cu.ft. 

Ill  DISCUSSION 


A.  Evaluation  of  Various  Glass  Cloth  Finishes  with  Vibrin  X-10U7  (Table  I) 

The  decision  was  made  at  the  start  of  the  work  on  this  contract  to 
use  I8I-I36  glass  cloth  throughout.  Comparison  of  a roll  of  this  cloth 
received  from  Supplier  A td.th  a sample  obtained  previously  from  Owens- 
Corning  revealed  that  the  new  roll  was  decidedly  stiffer  and  required 
27.5  rather  than  10  psi  to  produce  a Vibrin  X-IOI4.7  laminate  having  37±2J2 
resin  content.  Large  (23”  x 23”)  laminates  made  with  the  stiff  I8I-I36 
cloth  failed  to  exhibit  a flexural  strength  of  30,000  psi  or  greater  at 
500®F  after  2U  hours  at  1*00°F  postcure  and  l/2  hour  exposure  to  500°F. 
This  unexpectedly  poor  laminate  quality  was  traced  to  the  stiff  I36- 
finished  cloth  by  elimination  of  other  possible  causes  and  by  preparation 
of  a test  laminate.  (UR,  Table  I).  The  heat  aging  of  this  panel  is  seen 
to  be  generally  poor  compared  to  a laminate  prepared  from  I8I-III*  cloth 
(VV)  whereas  previous  e^erience  in  these  laboratories  had  Indicated  that 
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136-finished  cloth  (i,e.  from  Owens -Corning)  affords  Vibrin  X-lOU? 
laminates  surpassing  in  heat  resistance  those  containing  llU-finished 
fabric. 

Further  testing  of  I8I-I36  cloth  from  Supplier  A (including  several 
samples  from  other  rolls)  demonstrated  that  this  failure  to  attain  heat 
resistance  in  VibirLn  X-10U7  laminates  in  the  measure  indicated  by- 
experience  with  Owens-Coming  I36  cloth  was  a general  phenomenon. 
Moreover,  the  flexural  strength  of  such  laminates  af-ber  all  exposure 
periods  was  found  to  fluctuate  widely.  This  meant  that  investigation  of 
resin  variations  using  this  cloth  would  be  impossible  since  there  would 
be  no  assurance  that  the  cloth  was  not  responsible  for  all  (or  part)  of 
the  differences  from  a Vibrin  X-10U7  panel  used  as  a control.  Since 
one  of  the  objectives  of  the  contract  was  to  evaluate  the  newer  cloth 
finishes  with  Vibrin  X-10U7,  a program  was  set  up  which  would  include  a 
study  of  the  uniformity  of  various  cloth  finishes  in  their  contribution 
to  heat  resistance  as  well  as  their  average  level  of  performance  in  this 
respect.  It  was  anticipated  that  at  least  one  type  of  cloth  would 
show  a uniform  contribution  to  the  heat  resistance  of  Vibrin  X-10l4,7 
laminates  thereby  permitting  the  start  of  resin  variation  studies. 

Three  mils  of  each  type  of  cloth  were  purchased  and  color  coded. 
Laminates  were  prepared  from  the  outer,  inner  and  middle  sections  of  each 
roll,  A complete  study  of  a second  silane-finished  cloth  obtained  from 
Supplier  B (Table  l)  showed  an  appreciable  inter-  and  intra-  roll  varia- 
tion and  a general  inferiority  to  llU-finished  cloth  after  192  hours 
e3q)osure  to  500°F.  The  variations  are  such  as  to  preclude  the  use  of  this 
cloth  in  a study  of  resin  composition.  These  results  were  transmitted  to 
Supplier  B.  They  prepared  and  tested  a Vibrin  X-10U7  laminate  using  our 
layup  -techniques,  -with  the  following  results: 

Resin  Flex.Str.xlO"^  Flex  Str.  x 10“^  at  500®F  after  aging  at  500®F 
Content  (Room  Temp.)  3 hrs.  2U  hrs.  72  hrs.  192  hrs. 

39%  61.9  UU.9  39.1  33.7  2U.1 

Using  a second  sample  of  cloth  furnished  by  them,  we  prepared  a 
laminate  at  37,5  psi  which  contained  only  28^  resin  rather  than  35-^05^ 
obtained  with  the  same  pressure  using  the  pre-vious  sample  of  this  cloth. 
This  indicates  a considerable  difference  in  the  two  samples. 

A less  detailed  study  of  another  silane  finish  (Supplier  C)  revealed 
a similar  lack  of  uniformity  and  essentially  the  same  contribution  to 
heat  resistance. 

Through  the  courtesy  of  Mr.  F,  W.  Dennen  of  Owens-Coming,  we  were 
furnished  vdth  a sample  of  136-finished  cloth  which  was  considered  by 
them  to  be  typical.  Laminate  VS  (Table  I)  prepared  from  this  cloth 
showed  resistance  to  heat  on  the  level  which  we  had  previously  observed 
with  Owens-Corning  136-finished  cloth.  At  the  same  time  there  was  made 
available  to  us  a sample  of  301  finished  cloth,  A panel  prepared  from 
this  cloth  and  Vibrin  X-10U7  (VT,  Table  I)  showed  an  even  greater  heat- 
resistance  particularly  after  192  hours  exposure  to  500®F  when  a flexural 
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strength  of  more  than  30*000  psi  was  obtained.  Three  additional  rolls 
of  this  181-301  cloth  were  obtained  and  tested  (Table  I).  The  high  level 
of  heat-resistance  conferred  by  the  original  sample  was  not  maintained  in 
these  rolls  but  the  uniformity  was  reasonably  good  and  the  level  of  heat 
resistance  was  uniformly  better  than  had  been  experienced  with  other 
finishes.  An  unusual  feature  of  the  results  is  a large  variation  in  the 
flexural  strengths  at  500°F  after  3 hours  at  500°F.  However  the  laminates 
which  show  up  poorly  at  three  hours  (particularly  WX,  XB  and  XG)  all  show 
an  increase  in  strength  between  3 and  2k  hours  such  that  an  overall 
uniformity  in  2U'-hour  and  192-hour  values  was  attained.  The  heat  aging 
data  on  the  large  panel  (TG)  is  consistent  with  that  obtained  on  the  small 
test  panels  showing  that  no  complications  need  be  expected  in  scaling  up 
laminate  size  with  this  cloth. 

Three  hour  boil  tests  on  seven  laminates  prepared  with  181-301  fabric 
show  six  cases  where  90%  or  better  retention  of  strength  was  realized. 
There  seems  to  be  little  question  that  the  use  of  the  301  finish  involves 
no  sacrifice  of  resistance  to  humidity, 

B*  Alkyd  Variations  (Table  II) 


Before  the  \miformity  of  181-301  cloth  was  established,  the  study  of 
resin  variations  was  started  using  181-llU  fabric.  This  was  dictated  by 
the  fact  that  this  finish  had  been  shown  to  introduce  no  large  variations 
in  the  heat  resistance  of  Vibrin  X-10U7  laminates  and  by  the  necessity  of 
activating  this  phase  of  the  program  without  Turther  delay  if  any  progress 
was  to  be  realized  in  the  time  available.  This  accounts  for  the  use  of 
both  llU  and  301  cloth  types  in  the  work  to  be  described.  In  some  cases 
the  more  promising  resin  developments  obtained  with  the  use  of  llli  cloth 
have  been  duplicated  using  the  301  finish.  Limitations  of  time  have 
prevented  this  being  done  in  all  cases. 

Relatively  small  departures  from  the  Vibrin  X-lOU?  system  were 
involved  in  reducing  the  acid  number  of  the  alkyd  from  ca,  1*0  to  11 
(laminate  YD,  Table  II)  and  in  substituting  fumaric  acid  for  maleic 
anhydride  in  the  alkyd  formula  (panel  YL).  Comparison  of  the  heat  aging 
data  for  these  systems  with  that  of  Vibrin  X-lOl*?  on  the  same  cloth 
(VV,  Table  I)  show  that  the  changes  are  both  disadvantageous.  Poly 
(ethylene  maleate)  had  been  shown  to  be  a good  alkyd  for  heat  resistant 
resins  in  work  carried  on  by  Air  Force  Contract  733 (038) -118 21,  but 
suffers  the  disadvantage  of  yielding  mixtures  with  triallyl  cyanurate 
which  are  pasty  at  room  temperature  and  are  therefore,  difficult  to  use 
in  lamination.  Poly  (propylene  maleate)  does  not  have  this  characteristic 
but  is  relatively  poor  in  its  contribution  to  heat  resistance  (laminate 
WM,  Table  II).  The  Atlac  362A  alkyd*  was  studied  since  it  is  presumed  to 
have  a structure  quite  distinct  from  those  heretofore  used  in  heat 
resistant  polyesters.  In  order  to  obtain  a reasonable  resin  viscosity  it 
was  necessary  to  use  a relatively  large  proportion  of  triallyl  cyanurate 
monomer.  The  failure  of  the  laminate  (XQ)  to  heat  age  as  well  as  W 
(Vibrin  X-10U7,  Table  I)  probably  reflects  a low  percentage  of  maleic 
unsaturation  in  the  Atlac  alkyd. 


*Product  of  the  Atlas  Powder  Company,  Wilmington,  Delaware 
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The  substitution  of  dimethylol-p-cresol  for  S%  of  the  ethylene  glycol 
of  Alkyd  X-IO38  used  in  Vibrin  X-lOU?  was  prompted  by  the  known  auitioxidant 
action  of  phenolic  substances.  It  was  hoped  that  oxidative  attack  on  the 
cured  structure  vrould  be  retarded  by  the  p-cresol  portion  of  the  alkyd. 
Comparison  of  the  heat  aging  data  (panel  XN  Table  II)  with  that  for  the 
Vibrin  X-10U7  control  (W,  Table  I)  shows  that  contrarily,  the  phenolic 
alkyd  has  less  resistance  to  heat. 

The  undesirable  crystalline  properties  of  poly  (ethylene  maleate) 
were  eliminated  by  cooking  into  the  alkyd  a small  proportion  of  2-butene-3, 
U-diol,  This  modifying  agent  was  chosen  on  the  basis  that  its  allylic 
unsaturation  would  be  available  for  crosslinking  during  cure.  The 
resulting  alkyd  (0,1  moles  butenediol/2.3  moles  maleic  anhydride)  was 
given  the  notation  Alkyd  X-1318.  Evaluation  of  a S0i$0  blend  with 
triallyl  cyanurate  on  3OI  cloth  (panel  TH  Table  II)  revealed  that  the  new 
system  was  comparable  to  Vibian  X-10U7  in  heat  resistance  (compare 
laminates  XilX,  I'JY,  XA,  XB,  XY,  XZ,  YG  of  Table  I.)  Use  of  larger  amounts 
of  butenediol  in  the  alkyd  (up  to  0,5  moles/2,3  moles  maleic  anl^dride) 
gave  essentially  the  same  results. 

Work  carried  out  on  Navy  Contract  N-8-onr-50U  demonstrated  that  the 
poly-maleate  of  bismethylolxylene,  when  blended  with  styrene,  gave  a 
composition  which  heat  aged  better  than  conventional  alkyds.  A blend  of 
a dicyclopentadiene-modified  version  of  this  alkyd  gave  a laminate  ^rtiich 
heat  aged  better  than  Vibrin  X-10U7.  The  3-hour  and  2U-hour  strengths 
were  low  but  the  192-hour  strength  was  high  (20,000  psi)  and  the  panel 
suffered  no  loss  between  2k  and  192  hours  and  still  had  a flexural 
strength  of  10,000  psi  after  I4.O8  hours  exposure  to  500°F  (laminate  XE, 

Table  II).  Unfortunately  the  bis(chloromethyl)  xylene  which  is  an 
intermediate  in  the  preparation  of  this  alkyd  proved  to  be  a vesicant 
and  capable  of  producing  extreme  allergic  sensitization  in  individuals 
coming  in  contact  with  it.  The  related  methoxymesitylene^(fi-diol  alkyd 
does  not  involve  the  use  of  vesicant  intermediates  and  it  was  hoped  that 
the  presence  of  the  additional  methoxy  group  in  this  structure  will  not 
detract  from  the  heat  resistance  of  the  structure.  Time  limitation  has 
prevented  its  evaluation. 

C,  Monomers  Variations  (Table  III) 


As  an  approach  to  a monomer  exhibiting  heat-resistance  superior  to 
tiriallyl  cyanurate  it  was  of  interest  to  compare  a number  of  monomers 
which  were  structurally  related  to  the  triazine  derivative,  ^ -Chloroallyl 
cyanurate  was  found  to  have  very  low  resistance  to  heat.  A olend  of  this 
substance  with  X-IO38  alkyd  made  into  a laminate  with  llij.  cloth  was 
entirely  destroyed  by  2k  hours  exposure  to  5Q0°F  (panel  XT,  Table  III), 
Presumably  the  cured  monomer  structure  suffers  dehydrohalogenation  at 
500°F  producing  olefinic  regions  which  are  loci  for  rapid  oxidative 
attack  at  this  temperature.  This  observation  makes  it  doubtful  that  any 
new  monomer  having  the  grouping  -CHX-CH-  (X=C1,  Br,  I)  will  be  useful  as 
a heat  resistant  monomer. 

The  evaluation  of  vinylpjrridine  (laminate  XM,  Table  III)  was  under- 
taken for  comparison  with  styrene . It  was  hoped  that  the  difference 
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would  be  a measure  of  the  value  of  hetereocyclic  nitrogen  in  the  monomer. 
It  appears  doubtful  however  that  the  comparison  is  valid  since  the  curing 
conditions  were  necessarily  quite  different.  Moreover  the  assumption 
that  the  copolymerization  of  the  two  monomers  with  the  alkyd  is  identical 
is  open  to  question. 

Triallyl  aconitate  and  triallyl  carballylate  were  made  available  to 
us  by  Dr.  L.  F.  Martin  of  the  Southern  Regional  Research  Laboratories. 

A comparison  of  the  latter  monomer  xflith  triallyl  cyanurate  was  instruc- 
tive since  both  are  trifunctional  allyl  monomers  differing  only  in  the 
structure  connecting  the  polymerizable  groups.  On  the  assumption  that 
the  difference  in  activity  of  the  allyl  groups  of  the  two  monomers  in 
polymerization  was  so  small  as  to  give  the  same  degree  of  cure,  the 
difference  between  the  two  laminates  (YP,  Table  III  and  W,  Table  I)  can 
be  ascribed  to  the  different  heat  stability  of  the  connecting  structures. 
The  Barcol  hardness  of  the  two  panels  was  the  same  (75-80),  Accordingly 
the  considerable  superiority  of  the  triazine  monomer  may  well  be  ascribed 
to  the  superior  heat  stability  of  the  structure  connecting  the  allyl 
groups. 

It  has  been  supposed  that  the  ability  to  cure  "tightly”  is  a 
valuable  feature  of  a heat  resistant  monomer.  It  was  therefore  to  be 
expected  that  triallyl  aconitate,  by  virtue  of  its  additional 
unsaturation,  would  show  some  superiority  to  triallyl  carballylate. 
Actually  the  carballylate  seems  to  be  marginally  superior  (the  standard 
deviation  in  oxxr  measurement  of  flexural  strength  being  2000  psi).  This 
result  indicates  either  that  the  additional  unsaturation  does  not  have 
the  value  that  was  suspected  for  it,  or  that  it  is  incompletely  involved 
in  polymerization  and  thus  serves  as  a locus  for  oxidative  degradation, 

A comparison  xidth  diallyl  itaconate  might  clarify  this  point. 

The  superiority  of  ($0:50)  X-IO38  Alkyd-triallyl  aconitate  polyester 
(Vibrin  X-IO6U)  to  conventional  styrene-based  analogs  in  resistance  to 
500®F,  coupled  with  its  considerable  cost  advantage  in  comparison  with 
Vibrin  X-10U7,  suggested  an  evaluation  at  300°F  and  liOO°F  (laminates  XR 
and  2A,  Table  III).  The  results  indicate  that  Vibrin  X-10^  will  maintain 
a flexural  strength  of  27,000  psi  at  300°F  through  UO8  hours  exposure  to 
this  temperature.  With  the  use  of  301  cloth  rather  than  llU,  this  level 
would  undoubtedly  be  raised.  This  is  indicated  by  the  results  of  iiOO®F 
aging  where  the  test  laminate  (2A)  was  prepared  with  the  301  cloth.  The 
level  of  flexural  strength  maintained  at  the  hi^er  temperature  is 
36,000  psi.  Since  one  would  expect  greater  losses  of  strength  at  U00®F 
than  300°F,  the  difference  is  probably  another  example  of  the  advantage 
in  using  the  301  rather  than  the  llU-treated  cloth  in  heat  resistant 
laminates. 

Vinyl  crotonate  was  evaluated  because  the  monomer  is  cheaper  than 
triallyl  cyanurate  and  because  a comparison  with  the  other  ester  monomers 
might  suggest  new  lines  of  investigation.  The  500°F  aging  results,  in 
comparison  with  a triallyl  aconitate  system  on  t he  same  cloth  (panels  II 
and  XS,  Table  III),  show  that  the  crotonate  system  has  lost  more  strength 
after  2U  hours  exposure  than  the  aconitate.  This  suggests  that  the 
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crotonate  system  is  approaching  complete  failure  at  a faster  rate.  A 
coi^arison  of  vinyl  crotonate  with  allyl  crotonate  would  be  of  interest 
in  evaluating  allyl  vs  vinyl  unsaturation  in  heat  resistant  systems. 

Acrylonitrile  was  investigated  as  a monomer  primarily  to  provide 
background  information  for  mixed  monomer  studies.  Because  of  the  low 
boiling  point  of  this  monomer,  a prolonged  low  temperature  curing  cycle 
had  to  be  employed  in  order  to  obtain  a satisfactory  laminate  (YE, 

Table  III).  A high  green  strength  (82,000  psi)  vas  drastically  reduced 
by  3-hours  exposure  to  500°F.  This  was  followed  by  a notable  increase 
at  2U  hours  and  complete  failure  in  some  time  less  than  192  hours. 

These  results  indicate  that  acrylonitrile  has  no  unusual  virtue  as  a 
monomer  in  heat  resistant  resins. 

The  best  heat-resistant  monomer,  other  than  tri allyl  cyanurate,  was 
discovered  when  heat  aging  of  a 50}50  Alkyd  X-1038-diallyl ^^-3,6-methano- 
tetral^drophthalate  laminate  was  carried  out.  As  shown  in  Table  III,  the 
panels  prepared  with  301  glass  cloth  retained  a higher  strength  during 
e:q)osure  to  500°F,  liOO°F  or  300°F  than  any  of  the  other  new  resins 
investigated.  The  500°F  aging  (laminate  YVT)  is  noteworthy  in  that  this 
is  the  first  example  of  a non-cyanurate  laminate  that  will  retain  a 
measurable  flexural  strength  (10,000  psi)  at  500°F  after  192  hours 
e:q)osure  to  500°F.  The  strength  at  300°F  is  seen  to  be  increasing 
between  192  and  U08  hours  and  to  have  leveled  off  at  ca.  38 j 000  psi 
during  the  same  period  at  UOO°F  (panel  lA). 

D.  Mixed  Monomer  gystems  (Table  IV  and  V) 


The  dilution  of  triallyl  cyanurate  with  a cheaper  monomer  in  a 
blend  with  a suitable  alkyd  could  possibly  be  accomplished  id.th  little  or 
no  loss  in  heat  resistant  properties  of  the  cured  resin.  i-Jhen  this  was 
tried  with  acrylonitrile  it  was  found  that  heat  resistance  did  not  suffer 
appreciably  when  2$%  of  the  triallyl  cyanurate  of  Vibrin  X-10U7  was 
replaced,  and  that  the  loss  (except  for  a low  3 hour  value)  was  not  too 
great  even  with  a 50$  substitution  (coinpare  laminate  W of  Table  I and  YH 
and  YF  of  Table  IV).  In  the  case  of  dilution  with  triallyl  aconitate, 

2?  and  50$  dilutions  resulted  in  much  greater  losses  in  2U  hour  values 
and  total  failure  at  192  hours  (panels  YO  and  YN,  Table  IV).  The  trend 
of  the  data  suggests  that  the  loss  in  heat  resistance  increases  with  the 
relative  amount  of  triallyl  aconitate  and  this  is  born  out  by  the  aging 
of  laminate  Ylt  (75$  aconitate). 

This  experience  with  mixed  monomer  systems  provided  no  basis  for 
anticipating  the  remarkable  improvement  in  heat  resistance  encountered 
when  diallyl  ^^-3,6-methanotetrahydrophthalate  (DAC)  was  employed  as  the 
second  monomer,  (Table  V),  Two  of  the  first  three  blends  investigated 
(ZC,  ZT  and  ZZ  corresponding  to  TAC-DAC  ratios  of  1:3,  1:1*  and  3:1)  gave 
laminates  on  181-301  cloth  which  had  fleMiral  strengths  at  500°F  after 
192  hours  at  500®F  of  36,000-37*000  psi  and  the  third  exceeded  31*000  psi. 
Moreover  two  of  these  survived  U08  hrs.  at  500®F  with  Strengths  in  the 
16,000-17,000  psi  range.  All  three  showed  excellent  wet  strength 
retention.  A laminate  viiich  was  a duplicate  of  ZX  except  that  it  was 
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made  with  spacers,  and  therefore  had  a lower  resin  content  (36^  rather 
than  the  \xQ%  of  ZX),  had  a much  lower  192  hour  strength  (17,000  rather 
than  36,000  psi). 

E.  Further  Evaluation  of  Vibrin  X-10U7  (Table  VI) 


One  of  the  objects  of  this  contract  was  to  evaluate  Vibrin  X-1047 
for  resistance  to  500°F  for  periods  longer  than  192  hours  and  to  tempera- 
tures above  500°F  for  shorter  periods.  Table  VI  contains  the  pertinent 
data.  Typical  laminates  on  301  cloth  were  chosen  for  the  study,  one  (XB) 
having  a low  resin  content  and  the  other  W having  a relatively  high 
percentage  of  resin.  The  loss  in  flexural  strength  at  500®F  of  laminate 
XB  is  seen  to  be  roughly  linear  with  time  after  21;  hours.  Extrapolation 
of  the  data  indicate  that  the  laminate  would  fail  completely  after  about 
500  hours  exposure. 

The  600®F  exposure  tests  on  laminate  WX  indicate  that  3 hours  at 
this  temperature  is  equivalent  to  192  hours  at  500°F.  The  necessity  of  a 
postcure  is  greater  when  exposure  to  600°F  rather  than  500°F  is  involved 
since  a non-postcured  test  strip  averaged  10,U00  psi  in  flexure  after  3 
hours  at  600°F  whereas  a preliminary  3 hour  at  500°F  postcure  raises 
this  value  to  17,000  psi, 

A series  of  laminates  v/ere  prepared  from  Vibrin  X-10U7  and  181-301 
cloth  at  cure  pressures  varying  between  5 and  l5  psi.  The  resin  contents 
determined  by  area  calculation  and  by  combustion  were  consistently 
different  (the  combustion  values  being  assumed  to  be  more  reliable). 
Compressive  strengths  at  room  temperature  were  determined  on  this  series. 
The  data  (Table  VII)  and  Fig.  1 show  that  the  maximum  strength  (36,000 
psi)  is  associated  with  a resin  content  of  35^*  The  plot  (Fig,  1)  suggestj 
that  the  range  33-7/S  (corresponding  to  cure  pressures  of  8-l5  psi)  will 
give  optimum  compressive  properties  for  this  system  since  the  differences 
VJithin  this  range  are  of  the  order  of  the  precision  of  measurement. 

F,  Foaming  of  Vibrin  X-10l;7 

The  preparation  of  a low  density  (approximately  10  lbs,  per  cubic 
foot)  cellular  plastic  material  from  Vibrin  X-IOI4.7  resin  for  use,  at 
elevated  temperatures,  as  a core  material  in  sandwich  constructions  with 
glass  fabric-Vibrin  X-10U7  resin  laminate  faces,  as  outlined  in  the 
objectives  of  the  subject  contract,  has  been  accomplished. 

A chemical  method  (essentially  that  developed  on  Bu,  Ships  Contract 
Nobs-5Ul83(1773))  utilizing  maleic  anhydride,  ammoniian  bicarbonate  and 
water  as  the  gassing  system  was  used  to  foam  the  Vibrin.  The  following 
formulation  yielded  foams  of  approximately  10  lbs,  per  cubic  foot. 

Parts 


Vibrin  X-10U7  100 

Benzoyl  peroxide  2 

Maleic  Anhydride  5 

Diethylene  glycol  monooleate  0,25 

Aluminum  tri stearate  1 
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Parts 


Magnesium  oxide  2 

Kaolin  3 

Ammonium  bicarbonate  h 

Diethylaniline  1.026 

Water  1,0 


The  Vibrin  is  catalyzed  with  the  benzoyl  peroxide  (which  was  first 
wet  with  a minimal  amount  of  styrene).  The  maleic  anhydride  (coarsely 
ground),  aluminum  tristearate,  magnesium  oxide,  kaolin  and  ammonium 
bicarbonate  (finely  ground)  are  weighed  into  one  container  and  are  added 
all  together,  id.th  stirring,  to  ttie  catalyzed  Vibrin,  The  diethylene 
glycol  monooleate  is  then  added.  After  sufficient  stirring  to  produce  a 
homogenous  suspension,  the  promoter  (diethylaniline)  is  added  from  a 
calibrated  dropping  pipette.  After  the  promoter  is  thoroughly  blended 
into  the  mix,  the  water  is  added  dropwise  and  very  thoroughly  dispersed. 
The  mix  is  then  ready  to  be  poured  into  the  mold  or  cavity  to  be  filled. 
The  expansion  of  the  resin,  or  the  "blow”  starts  approximately  2-3  minutes 
after  the  dispersion  of  the  water  in  the  mix.  The  foam  gels  at  the  height 
of  the  "blow"  and  partially  cures  to  a light  tan,  essentially  unicellular, 
semi-hard,  moderately  friable  mass. 

Experimental  mixtures  were  foamed  in  cellophane  bags  made  to  fit  a 
hollow  glass  form  2 1/8"  x V x lU",  The  foams  prepared  in  the  cellophane 
bag  reached  the  height  of  their  expansion  and  cured  simultaneously  in 
approximately  8-9  minutes  and  at  60-70°C.  (internal  temperature  during 
height  of  exotherm).  The  surface  texture  of  the  foams  produced  in 
cellophane  is  characteristic,  i.e.,  they  presented  a cheese-like  appear- 
ance of  multiple,  non-uniform,  connecting  ruptured  cells.  However,  the 
entire  internal  texture  is  excellent,  presenting  a uniform,  fine 
unicellular  structure  completely  free  of  voids.  The  foam  produced 
utilizing  the  formula  listed,  and  using  100  grams  of  Vibrin,  produced 
approximately  600  cubic  centimeters  of  foam. 

It  should  be  noted  that  thorough  mixing  is  necessary  to  produce 
proper  foaming.  Greatest  care  should  be  exercised  in  making  certain  the 
water  is  completely  dispersed  thix)ughout  the  mixture  as  the  water  is  the 
triggering  agent  which  sets  off  the  gas-producing  reaction  of  the  maleic 
anhydride  and  ammonivira  bicarbonate. 

Several  foams  of  varying  sizes  were  prepared  in  glass  fabric-Vibrin 
X-10l|7  laminate -faced  sandwich  molds.  The  material  was  foamed  in  place 
forming  the  core  material  of  the  sandwich  without  difficulty.  The 
laminate  foam  sandwiches  were  trimmed  so  as  to  examine  the  internal 
structure.  In  each  instance  the  foam  structure  appeared  excellent 
throughout.  The  cells  were  essentially  uniform  and  unicellular.  One  of 
the  foams  seemed  harder  and  possessed  greater  compressive  strength  than 
the  others  but  the  reason  for  this  variation  has  not  been  established. 

It  may  be  necessary  to  set  up  a post-curing  schedule  to  overcome 
some  of  the  physical  shortcomings  of  the  non-postcured  foams,  such  as 
lack  of  compressive  strength,  lack  of  sufficient  hardness  and  friability. 
However,  the  time  element  prevented  us  from  expending  any  further  effort 
in  this  direction. 
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T9  EXPERIMENTAL 


A«  Preparation  of  Monomers 

1.  Triallyl  Aconitate  a mixture  of  aconitic  acid  (2262  grams)  allyl 

alcohol  grams)  toluene  (2600  ml.)  and  p-toluenesulfonic  acid 

monohydrate  (26  grams)  was  refluxed  with  removal  of  water  of  esteri- 
fication as  the  lower  layer  of  the  toluene-allyl  alcohol-water 
azeotrope  in  a Dean  and  Stark  trap.  Stirring  was  used  throughout  - 
the  aconitic  acid  did  not  completely  dissolve  until  some  3 hours 
after  the  start  of  refluxing.  After  31.5  hours,  no  more  water  layer 
was  separating.  Calcium  carbonate  (62U  grams)  was  added  and  the 
mixture  stirred  and  filtered.  Concentration  and  vacuum-topping  of 
the  filtrate  gave  377U  grams  (96.U/S)  of  a brown  oil  tdiich  polymerized 
as  rapidly  in  the  presence  of  2%  benzoyl  peroxide  as  distilled  material 
obtained  from  the  Southern  Regional  Research  Laboratories. 

2.  Diallyl  ^^-3,6, -methanotetrahydrophthalate  (DAC)  a mixture  of 
r^^37<57-5ffiiHanaEe^raFQr3ropH€KIc"’anF5f3rI3e~(l55U  grams)  allyl  alcohol 
Ti653  grams)  toluene  (1900  ml.)  and  p-toluenesulfonic  acid  monohydrate 
(19  grams)  was  refluxed  for  2h  hours  with  stirring  until  a homogeneous 
solution  was  obtained.  During  this  time  188  ml.  of  lower  azeotrope 
layer  was  collected  in  a Dean  and  Stark  trap.  Toluene-allyl  alcohol 
azeotrope  and  toluene  were  distilled  from  the  mixture  until  the  pot 
temperature  reached  150®C.  The  remaining  solvent  was  removed  in  vacuo 
and  the  residue  distilled.  The  main  fraction  (2127  grams  or 

b.p.  153-70®  at  3-5  m.m. ) was  diallyl  ^^-3, 6, -methanotetrahydro- 
phthalate; a second  fraction  (111  grams,  b.p.  170-182®C  at  U-i|..5  m.m.) 
has  not  been  identified.  The  refractive  indices  1. 1*955 > and 

1.1*997  respectively  show  the  two  fractions  to  be  different. 

B.  Preparation  of  Alkyds 

1.  AjJqrd  X-1318  a mixture  of  maleic  anhydride  (678  grams)  ethylene 
glycol  (1*27.5  grams)  and  2-butene -diol-l,U  (26.1*  grams)  was  stirred 
and  heated  under  a nitrogen  blanket  according  to  the  following 
schedule: 

97  min.  to  100°C 
5 min.  at  100°C  (exotherm) 

50  min.  to  150®C 
192  min.  at  150°C 
26  min.  to  200°C 
17  min.  at  200®C 

The  alkyd  was  then  cooled  and  hydroquinone  (0.072  grams)  added  with 
stirring  giving  963  grams  of  product. 

2.  Modified  (Poly  bismethylolxylene  Maleate) 

The  required  diol  was  prepared  in  three  steps  from  xylene.  Bischloro- 
methylation  of  C.P.  Xylene  was  carried  out  by  stirring  a mixture  of 
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2>1%  formalin  (8U8  grams),  xylene  (U2ii  grams)  cone,  hydrochloric  acid 
(2120  grams)  and  zinc  chloride  (liOO  grams)  for  8,5  hours  at  65±5°C 
while  passing  in  a stream  of  hydrogen  chloride.  After  adding  800 
grams  salt  and  chilling,  the  crude  product  crystallized.  It  was 
filtered  off  and  recrystallized  from  alcohol,  nqp.  81|-6®C.  Yield: 

335  grams  or  1*1^.  The  chlorine  analysis  indicated  an  impure  product 

Clps  Cl,  31. 2^ j 
•und:  Cl,  3U.9^ 

A solution  of  bis  (chloromethyl)  xylene  (10.1  grams)  and  fused 
potassium  acetate  (9,8  grams)  in  acetic  acid  (50  ml.)  was  refluxed 
for  U hours  and  poured  over  150  grams  of  ice.  The  organic  layer  was 
separated  and  added  to  a benzene  extract  of  the  aqueous  layer. 
Distillation  gave  9,2  grams  (73*5^)  of  bis-(acetoxymet}yl)  xylene, 
b,p.  165-8°C  at  5 m.m, 

calcd.  for  C-,i  H-io  Oj  : C,  67,2;  H,  7,25 

found:  C,  66,9,  67.2;  H,  7.32, 

This  diacetate  was  hydrolyzed  by  refluxing  a solution  of  18,5  grams 
of  the  compound  in  50  ml.  alcohol  and  20  ml,  water  containing  6.1 
grams  sodium  hydroxide  for  7 hours,  I^Fhen  cooled,  the  mixture  depositee 
8,0  grams  (65^)  of  bismethylolxylene,  m,p,  lii6-l50°C.  The  analytical 
sample  was  recrystallized  from  alcohol,  m,p,  l50-l5l.5°C. 

calcd  for  Cnn  Hii  Oo:  C,  72.5;  H,  8.J[;9 

rSund:  C,  72.1,  72.2;  H 8.65,  8.U7 

The  alkyd  was  prepared  by  heating  maleic  anhydride  (65.6  grams), 
bismethyolxylene  (111,0  grams)  and  dicyclopentadiene  (26,1;  grams)  to 
150±5°C  for  2.5  hours  vxith  stirring  under  a nitrogen  blanket  and 
removal  of  evolved  water  in  a Dean  and  Stark  trap.  On  raising  the 
temperature  to  190°C  gelation  seemed  imminent , Heating  was  discontinuec 
and  hydroquinone  (0,072  grams)  added  at  165®C  followed  by  triallyl 
cyanurate  (175  grams)  at  160°C. 

3.  Modified  Poly  (methoxymesitylene-^(cC-diol  Maleate) 

The  required  diol  was  prepared  from  p-cresol  in  two  steps, 
Bismethylolation  of  the  phenol  was  accomplished  by  treatment  of  a 
solution  of  32U  grams  of  p-cresol  in  water  (600  ml)  containing  sodium 
hydroxide  (150  grams)  with  37$  formalin  (6U5  grams).  After  several 
days  at  room  temperature  a thick  slurry  of  the  sodium  salt  was 
obtained.  Water  (2000  ml.)  was  added,  followed  by  dimethyl  sulfate 
(378  grams)  in  small  portions  with  stirring  and  cooling.  The  slurry 
became  a clear  solution  which  deposited  an  oil  during  2,5  hours. 

After  destroying  excess  methylating  agent  id.th  25  ml.  cone,  ammonium 
hydroxide,  the  mixture  was  cooled  to  -10®C.  causing  the  oil  to 
crystallize.  The  solid  was  filtered  off  and  air  dried.  Yield  370 
grams  or  67.8$,  The  analytical  sample  was  recrystallized  from 


calcd,  for  H 
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toluene,  ra.p.  102-5°C 


calcd.  for  C^q  %U  ®3** 

found:  C,  65.9,  66.1j  H,  7.81,  7.69 

The  allqrd  was  prepared  from  maleic  anhydride  (96  grams),  diol  (182 
grams)  and  dicyclopentadiene  (39.6  grams).  After  heating  to  100°C 
with  stirring  under  nitrogen,  an  exothemi  to  105°C  occurred.  The 
temperature  was  then  brought  to  150±5°C  and  maintained  there  for  2 
hours.  After  cooling  to  1U0®G,  hydroquinone  (0.036  grams)  was  added 
followed  by  triallyl  cyanurate  (U30  grams)  at  1U0®G.  Acid  number  of 
the  alkyd  was  116.5.  Viscosity  (disc)  of  the  blend  at  25°G,  50«l4. 
poises.  Catalyzed  stability  of  the  blend  at  25°C.  (1.5^  benzoyl 

peroxide):  OK  17  hours,  N.G.  25  hours. 

C.  Laminate  Preparation  - Large (23”  x 23”)  and  Small  (7”  x 13”) 

Glass  Gloth: 

After  cutting  the  glass  cloth  to  the  desired  size,  each  ply  is 
carefully  cleaned  of  loose  threads.  The  warps  of  the  plies  are  always 
kept  parallel.  lU  plies  are  required  for  l/8”  laminate  and  28  plies  for 
lA”  laminate. 

Vibrin; 

The  preparation  of  a 7”  x 13”  x l/8”  laminate  requires  600  grams 
VLbrin  X-10U7j  a 23”  x 23”  x l/8'»  - 2U00  grams:  a 23"  x 23”  x 1/U"  - 
U500  grams. 

Catalyzing  the  Vibrin: 


Benzoyl  peroxide  (2^)  is  weighed  into  a dry  wide  mouth  ;5ar,  and  is 
then  wet  with  an  equal  x^eight  of  styrer»  axid  mulled  to  a smooth  paste. 

The  Vibrin  is  then  weighed  into  the  jar  and  is  agitated  until  all  the 
catalyst  is  in  solution.  The  catalyzed  Vibrin  is  then  evacuated  to 
completely  remove  suspended  air. 

Laminate  Layup; 

Wooden  frames,  inside  dimensions  8”  x lU"  x 1-1/2”  deep  for  the  7” 

X 13”  laminates,  and  25-1/2”  x 25-1/2”  x 1-1/2”  deep  for  the  23”  x 23” 
laminates  are  used  as  the  support  for  a cellophane  lining.  This  lining 
is  one-half  of  a piece  of  cellophane,  which  when  folded  over  on  itself 
and  the  edges  sealed,  forms  the  bag  in  vdiich  the  curing  of  the  laminate 
is  carried  out.  The  form  is  placed  on  a smooth  hard  surface  (e.g.  a 
steel  plate)  and  the  catalyzed  resin  is  poured  through  one  layer  of 
cheese  cloth  into  the  cellophane-lined  cavity.  All  the  plies  of  glass 
cloth  are  added  at  once  to  the  pool  of  resin  and  are  permitted  to  stand 
(covered)  overnight  to  insure  complete  wetting  of  the  cloth  by  the  resin. 

The  following  morning  the  layup  is  removed  from  the  frame  and  the 
bag  formed  by  sealing  the  end  and  sides  with  scotch  tape. 
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Any  air  trapped  between  the  plies  is  removed  by  use  of  a metal  bar 
squeegee,  working  from  the  center  towards  the  edges. 

Curing  the  Laminate: 

I The  layup  is  placed  between  two  ferrotype  plates  and  is  placed  in  a 

press,  the  platens  of  which  are  preheated  to  175-195°F.  The  required 
pressure  (to  give  desired  resin  content)  is  applied  to  the  platens  for 
thirty  minutes  causing  excess  resin  to  be  squeezed  out.  This  excess  resin 
is  manipulated  into  that  portion  of  the  cellophane  bag  hanging  away  from 
the  platens.  Curing  as  evidenced  by  hardening  of  the  edges,  usually 
occurs  within  twelve  minutes  and  when  this  is  complete  the  portion  of  the 
bag  containing  the  excess  resin  may  be  cut  off  with  a pair  of  scissors. 

In  the  case  of  7"  x 13"  laminates,  after  the  30  minute  press  cure 
(diulng  which  the  temperature  is  not  permitted  to  exceed  195°F),  the 
press  is  opened  and  the  laminate  allowed  to  cool  in  place  to  prevent 
warpage.  The  bag  is  then  trimmed  to  the  edges  of  the  laminate  and  after 
suitable  marking,  the  laminate  is  placed  in  an  oven  at  2U8®F  for  2 hours 
to  complete  the  cure. 

In  the  case  of  23"  x 23"  laminates  the  same  procedure  is  used  with 
the  exception  that  the  entire  cure  is  carried  out  in  the  press. 

D.  Laminate  Testing 

Each  laminate  was  subjected  to  a standard  flexural  strength  screening 
test.  The  panels  were  cut  id.th  a one-sixteenth  inch  thick  Alundum  cut-off 
wheel  into  test  strips  approximately  3"  x 1/2",  Four  strips  were  tested 
at  each  of  the  following  times  and  temperatures:  unaged  at  room 
temperature j and  at  500®F  after  3,  2U  and  192  hours  at  500®F. 

The  flexural  strength  measurements  were  made  on  an  Olsen  Lo  Cap 
Universal  Testing  Machine  (using  the  1,000  pound  scale)  equipped  with  an 
oven  having  a temperature  range  from  room  temperature  to  ^0®F  at  a head 
speed  of  0,05  inches  per  minute.  The  method  was  comparable  to  that  of 
ASTM  D790-li5T.  At  300®F,  the  temperature  control  was  approximately  ±2°F 
and  at  500®F  the  range  was  about  ±5°F.  The  aging  was  done  in  circulating 
air  ovens  and  about  one-half  hour  before  the  testing  time  the  specimens 
vere  transferred  to  the  testing  machine  oven  in  a preheated  insulated 
box.  The  300°F  aging  was  carried  out  in  a Fries  Precision  Scientific  Co, 
oven.  Serial  n\unber  821-598,  type  A,  An  American  Instrument  Co,  circu- 
lating air  oven  (No,  U-lUBC;  Serial  D-15508)  was  used  for  the  500°F  aging. 
The  U00°F  and  600°F  aging  was  carried  out  in  a Desptach  Oven,  Style  CF-26, 
equipped  with  an  Aminco  "Quickset"  Thermoregulator  of  the  appropriate 
ten^erature  range.  This  gave  control  of  ±3°F  at  U00®F  and  ±5®F  at  600°F. 

The  flexural  strength  measurements  were  made  with  a two-inch  span, 
giving  a span-depth  ratio  of  16:1  or  greater,  and  the  calculations  of  the 
strengths  were  made  with  the  simple  beam  formula, 

A series  of  five  laminates  were  subjected  to  a standard  compressive 
strength  test  comparable  to  Federal  Specification  L-PU06b,  Method  1021. 
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The  panels  were  cut  with  a one-sixteenth  inch  alundum  cut  off  wheel  into 
test  strips  approximately  3”  x 1/2”*  Great  care  was  exercised  to  make 
certain  the  ends  were  smooth  and  parallel  to  each  other  and  perpendicular 
to  the  axis  of  the  specimen*  Five  strips  were  tested  for  each  laminate* 

A standard  jig  was  used  to  hold  the  specimen  so  that  the  loading  is  truly 
axial  and  applied  through  surfaces  which  are  flat  and  parallel  to  -ttie 
ends  of  the  specimen* 

The  compressive  strength  measurements  were  made  on  a Tinius  Olsen 
Plasti versa!  Testing  Machine  (using  the  1,000  pound  scale)*  The  rate  of 
head  travel  was  at  no  time  greater  than  0*05  inches  per  minute* 
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TABI£  I - continasd 

Evaluation  of  Various  Glass  Cloth  Finishes  with  Vlbrin  X-lOU? 

The  laminates  were  prepared  using  Ik  plies  181-weave  cloth  (7"  x 13")  and  600  g.  Vibrin  X-10U7  catalyzed  with  2% 
benzoyl  peroxide.  Press  cure  0.5  hour  at  170-190°F.  Oven  Cures  2 hours  at  250°F 
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TAG  " triallyl  cyanurate 

spacers  used 

delaminated 

A ® acrylonitirle 

TAA  = triallyl  aconitate 


Heat  Aging  of  Laminates  Invdving  Al!<yd  X-1038  and  Triallyl  Cyanurate  (TAC)- 
Diallyl  ^®-3,6-Methanotetrahydrophthalate  (DAC)  Mixed  Monomers  (181-301  Cloth) 

Flex.  Str.  x 10“^  Flex.  Str.  x 10“3  at  500°F  after 

Monomer  % resin  , Cure  Room  3 hr,  * aging  at  500®F 
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footnote  a.  to  Table 
footnote  d.  to  Table 


Resin  Content  % 


Fig.  1.  Compressive  Strength  of  Vibrin  X-IOI4.7 
Laminates  (181-301  Cloth)  as  a function  of  resin 
content. 
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